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Abstract
Background: Injecting drug users (IDU) are at increased risk of human immunodeficiency virus
(HIV) infection. Their HIV prevalence however varies from place to place and may not be directly
linked with the level of individual risk. This study explores the relative importance of individual and
community level characteristics in the practice of HIV-related risk behaviors in IDU in Hong Kong
where the HIV prevalence has remained low at below 1%.
Methods: Methadone clinics were used as the channel for accessing drug users in Hong Kong.
HIV-related risk factors in drug users attending these clinics were retrieved from a questionnaire
routinely administered to newly admitted and readmitted clients, and assessed using logistic
regression and multilevel analyses.
Results: Between 1999 and 2005, a total of 41196 person-admissions were recorded by 20
methadone clinics. Male gender, older age and new admissions in bigger clinics located in districts
with older median age were more likely to have engaged in HIV related risk behaviors including
heroin injection, needle sharing, unprotected sex and having multiple sex partners (p < 0.05).
Conclusion: Multilevel analysis is a useful adjunct for determining the association between risk
behaviors and both individual and community factors in IDUs, which can be demonstrated even in
low HIV prevalence settings.
Background
Injecting drug users (IDUs) are vulnerable to HIV infec-
tion both because of the sharing of contaminated injec-
tion equipment and their practice of high risk sexual
behaviors. In Hong Kong, a metropolitan city in Southern
China, only 5.6% of the 3400 HIV cases reported as of
mid-2007 were IDUs, and their HIV prevalence has
remained at no more than 1% in different settings.[1]
However, some Chinese provinces have reported HIV
prevalences of more than 20% in IDUs, and in most cities
in the Pearl River Delta region adjacent to Hong Kong the
estimated prevalences have ranged from 3–6%. [2-4] HIV
outbreaks can potentially occur in future because some
IDUs may have risky practices in China. A series of local
studies conducted between 2000 and 2004 revealed that
25% of Hong Kong's IDUs had ever used drugs in Main-
land China.[5] Other reports suggested that Mainland
Chinese commercial sex workers (CSWs) who were also
IDUs were less inclined to use condoms (50% vs 77%)
and more likely to share needles (50% vs 20%), compared
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in Hong Kong inject and share needles with Mainland
Chinese IDUs in high HIV prevalence areas in China, or
have unprotected sex with CSWs, HIV could easily spread.
An assessment of the risk behaviors of IDUs in Hong Kong
is important for predicting the potential of HIV spread,
despite the low prevalence currently recorded locally.
IDUs constitute a marginalized and hard-to-reach popula-
tion in society. They tend to socialize with their fellow IDUs
rather than members of the general population. This unique
social network configuration may shape their behavior pat-
terns. Within the same group of IDUs, behaviors tend to be
similar because of peer influence. The extent to which IDUs
engage in risky behaviors (injection, needle sharing, syringe
reuse, multiple sex partners and unprotected sex), and their
individual demographic characteristics, such as age, gender,
ethnicity, have been found to be correlated with HIV serop-
ositivity. [7-9] A study conducted in the United States [10]
considered IDUs with similar practices as members of a
'homogeneous cluster', and went on to describe the variation
of HIV seroprevalence across clusters. Another study [11]
reported that community characteristics derived from census
data were predictors of HIV related risk among people resid-
ing in the same census tract. These multilevel studies were
conducted in western countries, and so far no similar find-
ings have been reported from Asian countries. In this study,
we undertook to examine the variation of IDU associated
risk behaviors at individual and community level in an Asian
city, Hong Kong. Methadone clinics were used as the channel
for accessing IDUs because of their high coverage of heroin
users in the territory. The government-run clinics were set up
in 1970s, and over the past three decades they have evolved
to become focal points of neighborhoods for IDUs in differ-
ent geographic areas. Service data available from these clinics
were used to assess the relative importance of individual and
community level characteristics on the practice of risk behav-
iors.
Methods
This was a multi-site, institution based, cross-sectional
study using data retrieved from results of a routine struc-
tured questionnaire administered on clients of the 20
methadone clinics in Hong Kong following informed
consent. Institutional approval for access to the data was
sought from the Department of Health, in compliance
with the Personal Data (Privacy) Ordinance. The conduct
of the study complied with the provisions of the Declara-
tion of Helsinki. Contents of the questionnaire included
anonymized personal data, and questions on drug taking
habits, and sexual practices in the 12-month period prior
to registration. There were two categories of registration in
methadone clinics, new admission and readmission. New
admissions referred to those clients who have never taken
methadone treatment before, whereas readmissions were
those who had enrolled in methadone treatment in the
past, but had dropped out for over 28 days. Since each
entry was anonymous, we could not match the readmis-
sions with the new admissions of the same individuals.
Therefore, in this study, only data from questionnaires on
newly admitted drug users were used in logistic regression
and multilevel analyses.
Risk behaviors were assessed to determine the vulnerabil-
ity of drug users to HIV infection. Although early studies
have determined the relative transmission efficiencies of
HIV for each practice, [12-14] recent studies demonstrated
the importance of sexual contact as a risk factor as com-
pared to injection in IDUs.[15] Practice of injection, nee-
dle sharing, unprotected sex and multiple sex partners
were assessed individually. Injection was defined as any
report of injecting drug prior to registration, while needle
sharing behavior was divided into current and past shar-
ing practice. Unprotected sex referred to the use of con-
doms in less than 50% of the sexual activities in the
preceding 12 months, while those reporting to have more
than 1 sex partner in the same time period was defined as
having multiple sex partners.
Two sets of variables were computed to determine their
roles as predictors – at individual level and community
level. Taking reference from variables that had been found
to be significant in other studies, the following individual
level predictors were used: gender, age and admission
quarter/year. Age and its square were used to explore the
non-linear association of age with HIV risk behaviors.
Community level variables included population level
data from each of the 18 administrative districts in Hong
Kong obtained from the 2006 by-census. Only median
age, median household income level, population density,
and education level were available from this database. As
income was highly correlated with education level, only
income level was used in the analysis. In addition, the
number of total admissions for each clinic was used as a
community level variable reflecting the size of the IDU
neighborhood.
Logistic regression was used to examine the effects of indi-
vidual level predictor variables on the binary outcomes.
Significance levels were reported for multivariate analyses
and multilevel analyses with statistical significance set at
0.05. Age and age-squared were entered into the models as
continuous variables and odds ratios were calculated for
selected ages with age 20 as the reference. SPSS version
13.0 (SPSS Inc 2004) was used for the descriptive statisti-
cal analyses and to fit the logistic regression models. Mul-
tilevel logistic regression models were used to assess the
independent predictive ability of both individual and
community level covariates, and were fit using Supermix
1 statistical software (SSI Inc).Page 2 of 7
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Additional file 1 provides a descriptive overview of the
characteristics of our study population. From 1999 to
2005, there were totally 41196 person-admissions, of
which 5184 were newly admitted drug users. The new
admissions were predominantly male (77.6%) and aged
below 30 (62.4%). They were younger than drug users on
readmission (in which 53.7% were aged between 30 and
50). The yearly number of new admissions dropped stead-
ily from around 1004 in 1999 to 482 in 2005, with a
rebound to 965 in 2002.
The most frequently reported drug of abuse was heroin.
More than 98% of the new admission clients reported the
use of heroin alone or in combination with other drugs.
Their commonest HIV related risk behaviors were injec-
tion and unprotected sex. While a majority of the new
admissions preferred inhalation, smoking or sniffing,
more than half of the readmission cases used injection as
their major mode of heroin use. A quarter of the newly
admitted heroin users reported current injection. Unclean
syringe use was reported by 18% of new admissions,
while the proportion among readmissions was 14%. Cur-
rent needle sharing was reported in only 2% of the new
admissions and readmissions, but some 7% of the
readmissions reported past needle sharing. A slightly
higher proportion of new admissions than readmissions
reported having multiple sex partners while the reversed
was true for unprotected sex in the preceding 12 months
(10.1% vs 8.8%, p > 0.05 for multiple sex partners and
61.6% vs 63.7%, p = 0.02, odds ratio (OR): 0.91, 95%
confidence interval (CI): 0.84–0.98 for unprotected sex).
Using multivariable logistic regression, 4 separate models –
with injection, needle sharing, unprotected sex and multi-
ple sex partners as outcomes – were used to assess HIV
related risks. (Additional file 2) Male gender was strongly
associated with heroin injection and having multiple sex
partner (adjusted odds ratio (AOR): 1.27, 95%CI: 1.08–
1.48, p = 0.004; AOR: 2.54, 95%CI: 1.91–3.38, p < 0.001
respectively) in all except the needle sharing model, in
which only male gender was correlated with needle sharing
behavior in univariate analysis. However, male drug users
were less likely to have engaged in unprotected sex than
female in the study population (AOR: 0.60, 95%CI: 0.52–
0.68, p < 0.001). Age was also a significant predictor of her-
oin injection and unprotected sex. The positive coefficient
for the age term and the negative coefficient for the age-
squared term suggested a non-linear association, with more
risky behaviors occurring in the middle of the age ranges
(30 to 40 for injecting heroin use and 30 to 50 for unpro-
tected sex). The time trend was evaluated by assessing the
role of admission date. Later admission quarter/year was
associated with more injection and lower tendency of hav-
ing multiple sex partners (p < 0.001 in both models).
Preliminary analyses were performed on the data prior to
multilevel modeling, the results of which confirmed the
contextual structure of data and demonstrated the exist-
ence of between-community variation. In applying the
multilevel model, age, gender, and admission were con-
sidered to exert fixed effects. Community-level variables
(household income, clinic size, population density and
median age of district population) were included as pre-
dictors of district-specific intercept, while no variables
were used to predict the slope for time because no signifi-
cant cross-level interactions were found in the preliminary
analysis. Results of our models (Additional file 3) showed
that individual variables (gender, age and admission
time) remained as significant factors for predicting the
risk behavior. Male gender was significantly associated
with all four HIV risk behaviors, while the significance of
age was seen only in the injection and unprotected sex
models. Later admission was associated with slightly
more injection practice and lower likelihood of multiple
sex partners. After controlling for individual characteris-
tics including age and gender, clients from bigger clinics,
as defined by high caseload, were more likely to have
injected heroin, shared needle and had sex without con-
dom (p < 0.05). Clients from districts with older median
age were more likely to have practiced risky sexual behav-
iors (p < 0.001).
Discussion
This is the first study in an Asian population involving the
analysis of data from methadone clinics to examine the
variation of risk behaviors of drug users, using both logis-
tic regression models and multilevel models. Results from
our study demonstrated a variation of HIV risk behaviors
across neighborhoods, as defined by the clinic locations
where methadone users went for regular treatment. In
Hong Kong, each methadone clinic functions like the
center of a separate neighborhood. Clients of most clinics
resided near the clinics at which they registered. Appar-
ently, drug users spent most of their time around the clinic
area and socialized with other drug users from the same
neighborhood. It is not surprising, therefore, that they
formed a local social network and were under the influ-
ence of their fellow drug users, leading to a similar pattern
of drug taking behaviors. Associated with drug injection,
needle sharing and unprotected sex, bigger clinic size was
a predictive factor of risk behavior in our multilevel mod-
els. This result was consistent with studies else-
where,[16,17] in which smaller social network implied
lower levels of risky drug use behaviors. We did not, how-
ever, have relevant data for assessing the exact social net-
work size of each drug user, and the inter-relationship
between network size and with clinic size. The possible
association of clinic size with HIV risk would need to be
investigated in a study designed specifically for this pur-
pose. As a harm reduction measure, the optimum size ofPage 3 of 7
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benefits of substitution treatment can be derived without
engendering undesirable behavioral risks.
Some studies had examined the association between pop-
ulation characteristics and injection practice among
IDUs.[11,18] It was shown in our study that an older
median age in a district was a predictor of sexual risk.
Median population age reflects the composition of popu-
lation in the locale, as well as the education level and
income level. People with older age were less likely to
have been exposed to safer sex messages which had
become standard publicity themes only after the begin-
ning of the AIDS epidemic in early 80s. It may therefore
be argued that condom use and multiple sex partners
could in fact be more common in the older population,
suggesting that drug users in such neighborhoods could
be influenced to share the same practices. Furthermore,
median population age could also be a surrogate for pop-
ulation density, since in Hong Kong the districts with
older populations tend to be the more densely populated
older parts of the city. In our study however population
density was not found to be a significant predictor. Using
multilevel analysis, we failed to find any association
between population income and HIV risk. In our study,
median household income was used as the surrogate, the
level of which ranging between HKD9000 and
HKD30000 (USD1 = HKD7.8). Since individual income
level was not available and thus not controlled in the mul-
tilevel model, the analysis might not be robust enough to
detect any effect of poverty on risk behaviors. Neighbor-
hood variation in HIV prevalence has in fact been demon-
strated in a previous study.[19] Among the neighborhood
conditions, lower income was found to be associated with
higher HIV prevalence among IDUs.[20] Overall, we were
able to demonstrate a variation of HIV risk at community
Geographic distribution of methadone clinics in Hong KongFigure 1
Geographic distribution of methadone clinics in Hong Kong.Page 4 of 7
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Kong does not allow us to examine the correlation of such
factors with HIV prevalence.
On an individual level, our study showed a strong associ-
ation of male gender with heroin injection, needle sharing
and higher sexual risk, while age (30 to 40 for drug injec-
tion and older age for unprotected sex) also exhibited a
positive association. Male gender and older age have been
shown to be predictive factors of increased HIV risk in
other studies.[21,22] A similar study using existing record
to explore the behavioral change of IDUs in Hong Kong
demonstrated a decline in needle sharing over the
years,[23] an observation also made in our study. The low
prevalence of needle sharing in our study population may
be a result of the easy access to disposable syringes from
local pharmacies. Also, the good coverage of methadone
services has helped to reduce needle sharing behav-
iors.(Figure 1) Taken together, drug users' access to
syringe and the provision of substitution treatment at the
methadone services provided an explanation for the low
HIV rate in Hong Kong.[24]
Our multilevel study of drug users carried certain limita-
tions. First of all, Hong Kong is a small city with a total
area of just 1000 Km2 and with relatively 'homogenous'
community characteristics. Unlike countries such as the
United States in which the IDU population is often com-
posed of a variety of ethnicities, almost all drug users in
Hong Kong are Chinese. Variation of ethnicities has been
reported to be related to HIV transmission in IDU,[25] a
phenomenon that should be less important in Hong
Kong. Our analysis illustrates community level variation
in risk behaviors between clinics despite the 'homoge-
nous' community characteristics and thus provides evi-
dence that multilevel modeling could also be applied to
community with less variability of the population profile.
On the other hand, the study sample might not be repre-
sentative of all drug users in the territory. Theoretically a
representative sample could have been obtained by con-
ducting street surveys in randomly selected sites in the
city. [26-28] The feasibility of such sampling is low
because IDUs constitute a hard-to-reach population, and
social discrimination often creates an unfriendly environ-
ment for them to be accessed. Furthermore, their use of
illicit drugs dissuades them to reveal their lifestyle to
strangers.[29] Our solution to the sampling problem was
to resort to existing service data.[30] In this connection,
the government-run methadone treatment service in
Hong Kong provides a particularly useful data source. The
clinics have been in contact with an estimated 70% of all
drug users.[31] Each methadone user is interviewed on
admission and their demographic data, drug taking habits
and sexual behaviors are recorded. With different opening
hours, the 20 methadone clinics are widely distributed
and are convenient for both jobless and employed clients.
The major limitation is however the availability of small
number of selected predefined fields for analyses. Another
possible limitation is the self-reported nature of the data.
Although it is mandatory for the questionnaire to be com-
pleted on admission, the self-reported behaviors may not
be entirely reliable. As methadone users have to register
their names and identity card numbers (anonymized in
this study), there is the possibility that they are inclined to
conceal their practices, though the prescription of metha-
done doses is not linked with reported behaviors. An
underestimation of practice of risky behaviors is neverthe-
less a cause for concern. In some studies, however, self-
reports of behaviors were found to be reliable in the col-
lection of data on risk behaviors.[32,33]
Conclusion
The increasing reports of HIV infections through injecting
drug use among the HIV cases in Hong Kong raises the
concern about the potential spread of the virus within this
population and beyond.[34] Results from our study have
provided an analytical description of the characteristics of
the HIV related risk behaviors of IDUs. By elucidating the
association between risk behaviors and both individual
and community level factors, our approach may help pre-
dict the HIV risk of IDUs in a spatial context, which can in
turn support effective allocation of resources to achieve
prevention. We have demonstrated that the application of
multilevel modeling could explain the contextual influ-
ences of individual and community factors on HIV related
behavior in an Asian population, thereby calling for inter-
ventions to be geared towards this new angle in order to
achieve effective prevention.
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